Oedothorax gibbosus is a rare dwarf spider species in Flanders bound to oligo-and mesotrophic alder carrs. This dwarf spider is characterised by the appearance of a male dimorphism; there is a gibbosus male morph with a hunch on the last third of the carapace, anterior to which is a hairy groove, and a tuberosus morph without these features.
INTRODUCTION
The females of the dwarf spider Oedothorax gibbosus Blackwall, 1841, can choose between two male morphs: gibbosus has a protuberance of the last third of the carapace that is preceded by a deep notch surrounded and lled by long black sticky hairs. The more or less convex carapace of tuberosus does not have these features. According to HEINEMANN & UHL (2000) the hairy groove probably secretes a uid that is important for the so-called gustatoric courtship; this is the uptake of secretions by the female from a body part of the male during courtship. In the dwarf spider species, Oedothorax gibbosus the female puts its chelicerae in the hairy groove of the gibbosus morph during courtship. Gibbosus also seems to have a genetic advantage because MAELFAIT et al. (1990) and VANACKER et al. (2001) showed that the male dimorphism in Oedothorax gibbosus is probably determined by a di-allelic gene that is only expressed in the male sex. In this model allele G for gibbosus is dominant over allele g for tuberosus.
On the basis of a simple model, GADGIL (1972) shows that geneticallybased alternative strategies can only be established if their tness is equal. In this model the tness is given by the product of the probability of survival to maturity and the number of offspring produced. It should also be possible to apply a similar model to the two male morphs in the dwarf spider Oedothorax gibbosus. The model of GADGIL (1972) is, in itself, also an application of a mixed evolutionary stabile strategy (mESS) on the phenomenon male dimorphism. According to MAYNARD SMITH (1982) , an ESS is a strategy such that when it is established in the populations, no other strategy can invade, given the present constraints, and a mixed ESS (mESS) consequently means that there are two or more alternative tactics that yield similar success. In the case of Oedothorax gibbosus the co-occurrence of the two discontinuous male morphs can be stable if gibbosus and tuberosus have similar tness. In the eld the appearance of a mESS is already demonstrated for several species (GROSS, 1985; SHUSTER & WADE, 1991) and it has been assumed to apply to several other species (EBERHARD & GUTIERREZ, 1991 ; VAN RHIJN, 1991; GROSS, 1996; TOMKINS & SIMMONS, 1996; SCHLINGER et al., 1999; SIMMONS et al., 1999) . In these last mentioned cases it could not be excluded that the so-called conditional strategy is determined by the environment (MAYNARD SMITH, 1982) or a "best of a bad situation" (ANDERSSON, 1994) .
To compensate for the sexual and genetic advantage of gibbosus a compensation mechanism in favour of tuberosus is needed. Previous studies (VANACKER et al., 2001) have already shown that the juvenile phase of gibbosus males is signi cantly longer than that of tuberosus males, which probably results from the investment into the production of the hairy groove. Given the advantages of gibbosus (see above), the hypothesis we want to test here is that gibbosus is as an adult less long-lived than tuberosus. To test this, we investigated the survival time of both morphs under different laboratory conditions; normal rearing conditions (superabundance of food and saturated moisture environment) and two extreme conditions, namely foodless and low moisture environments. Indeed, if tuberosus survives longer than gibbosus, this might be another compensation mechanism for the tuberosus morph and a good indication for a mESS explaining the male dimorphism in Oedothorax gibbosus.
MATERIAL AND METHODS
The dwarf spiders used for the different survival experiments were males originating from the rst generation of a laboratory rearing. The parents were spiders caught on 19 May 2001 in an oligo-to mesotrophic alder carr in the public nature reserve 'Het Walenbos' at Tielt-Winge, 30 km northeast of Brussels in Belgium, one of the most important river-associated woodlands of Flanders. In alder carrs there is stagnant surface water throughout the whole year. The laboratory rearing occurs in a climatic chamber at a temperature of 20 ± C and a photoperiod L : D of 16 : 8. Each spider was placed individually in regularly moistened, plastic cups (5 cm diam. £ 2.5 cm height) with a thin bottom of plaster. Before the second moult the spiders were fed with an overabundance of springtails, and after the second moult they were given three fruit ies per day. We used a single species diet of the springtail Sinella curviseta as prey for the rst and the second instars. Altogether, 43 male dwarf spiders, of which 21 were gibbosus and 22 tuberosus, were used for the survival experiments. These numbers seem small, but if you consider that there is a 1 : 2 sex ratio in favour of the female sex and a 2 : 5 male morph ratio in favour of tuberosus in the nature reserve 'Het Walenbos', these numbers are, under the circumstances, rather large. Analysis of different crossing types shows that the tuberosus morph can probably in uence the sex ratio in favour of the female in tuberosus genotypes by a still unknown mechanism (VANACKER et al., 2001) .
To restrict individual variation between males, all spiders were reared in normal conditions like their parents (see above) and immediately after the last moult they copulated with one female. Therefore, one male and one female were put together each time during a period of 4 days. After this copulation the spiders were subjected to the different conditions of the survival experiments. The copulations were needed to continue the laboratory rearing. The 43 adult males were divided over the three series of experiments as follows: 7 tuberosus and 7 gibbosus males in normal conditions used as reference; 7 tuberosus and 7 gibbosus males in foodless conditions, and 8 tuberosus and 7 gibbosus males in low moisture conditions. The spiders were checked every day. The male dwarf spiders of the dry experiment got food as in normal conditions, namely three fruit ies per day, but these were put in plastic cups with dry plaster. Because of the air humidity the plaster is obviously not completely dry, but it is still 'rather dry' in comparison with the alder carrs, the natural environment of these spiders, and in comparison with the 100% humidity of the reference and starvation experiments. We did not opt for plastic cups without plaster, which is a completely dry environment, because the male spiders would probably die too quickly. The spiders of the foodless experiment, on the other hand, were moistened as in normal conditions, but they were deprived of food from the moment the survival experiments started.
The development of the dwarf spiders can be subdivided into: i) the cocoon phase, ii) the (free) juvenile phase, and iii) the adult phase, which are, respectively, the period between the production of the cocoon and the emergence of the spiders, the period between the emergence of the spiders and the last moult, and the period between the last moult and death. The survival time we measured is shorter than the adult phase because the survival experiments started 4 days after the last moult. The following statistical tests were used: one-and two-way-ANOVA to analyse the difference between the different survival experiments, LSD (least signi cant difference) and Scheffé tests as post hoc tests, and the Kolmogorov-Smirnov-test to analyse the assumptions for normality.
RESULTS

Survival in normal environment
The mean survival time § standard deviation of gibbosus and tuberosus males in normal environment is 11 § 10 and 23 § 11 days, respectively, and according to the ANOVA test, the survival time of gibbosus is signicantly shorter than the survival time of tuberosus in normal environmental conditions (df D 1, F D 4:539; p D 0:05). The survival time is shorter than the adult phase because the survival experiments started 4 days after the last moult, but it is a good indication that tuberosus males live longer than gibbosus males. The survival curves of this experiment ( g. 1) show there are always more tuberosus than gibbosus males during the period of the experiment.
Survival in foodless environment
Gibbosus and tuberosus males survive on average 5 § 3 and 11 § 4 days, respectively, and an ANOVA test shows that this longer survival time of tuberosus was signi cantly different from that of gibbosus (df D 1, F D 14:892; p D 0:002). Fig. 1 also shows the survival curves of both males in the survival experiment in foodless environments.
Survival in low moisture environment
The mean survival time § standard deviation of gibbosus and tuberosus males in low moisture condition is 9 § 9 and 8 § 13 days, respectively. The survival time is rather long, probably because of the effect of the air humidity on the plaster in the cups. Gibbosus males live on average 1 day longer than tuberosus males, but this difference was not signi cantly different according to an ANOVA on logarithmically transformed data (df D 1, F D 0:396; p D 0:540). The survival curves of this experiment show that more than one half of the tuberosus males had already died after 1 day, but the gibbosus males on the contrary died more gradually ( g. 1). Fig. 1 also shows that the distance between the survival curves of tuberosus in normal conditions and tuberosus in low moisture conditions is larger than the distance between the survival curves of gibbosus males in the same two environments.
Differences in survival time between the experimental conditions
A two-way ANOVA that analyses the effect of male morph (gibbosus and tuberosus) and the effect of environment (normal, foodless and low moisture environments), shows that male morph as well as environment has, as was to be expected, a signi cant effect on the survival time ( 
DISCUSSION
Gibbosus males have a hunch on the last third of the carapace, anterior to which is a hairy groove; tuberosus males on the other hand do not have these features. Our hypothesis is that gibbosus is, because of that groove, more susceptible to dry conditions and to food scarcity than tuberosus, although the hairs may protect the groove from drying out. According to HEINEMANN & UHL (2000) , SEM examinations of the notch revealed pores in the hair bases and ducts in the hairs of the cephalothoric groove of the gibbosus morph, whereas no such specialisation was found in the prosoma of the tuberosus morph. The presence and functioning of these features may make the gibbosus morph more prone to desiccation and to food scarcity. Do the survival experiments con rm this hypothesis? The survival time of gibbosus males is indeed signi cantly shorter than the survival time of tuberosus males in normal environments as well as in foodless environments. These results agree with our hypothesis, but it is curious that the desiccation survival experiments do not follow this opinion exactly because in low moisture conditions we could not prove that survival differs between both male morphs. It could be that gibbosus is more susceptible to normal and foodless conditions than tuberosus, but that, on the contrary, gibbosus can survive desiccation relatively better than tuberosus. This last cannot be demonstrated with these survival experiments, but comparison of the survival curves, as mentioned in the results, gives an indication that gibbosus is not necessarily the rst morph that dies in the low moisture environment. To explore this further, additional survival experiments are necessary. These will be done along gradients of humidity and temperature and with shorter observation intervals in the near future.
Nevertheless, the survival experiments reported here indicate an important difference between both male morphs of Oedothorax gibbosus. The longer survival time of the tuberosus morph can be a possible compensation mechanism for the genetic and sexual advantages of the gibbosus males (MAELFAIT et al., 1990; VANACKER et al., 2001) . The more sexually attractive gibbosus can probably copulate more often in a shorter time than tuberosus. To achieve a comparable number of copulations the tuberosus morph has to live longer as adult. This is an advantage for tuberosus and thus a compensation mechanism for the genetic and sexual advantages of gibbosus. The tness of both male morphs could then be equal and this could be an explanation for the evolutionary stable male dimorphism in Oedothorax gibbosus. In the studied dwarf spider population in the public nature reserve 'Het Walenbos', the morph ratio is in favour of tuberosus. The fact that tuberosus has a longer survival time is a possible explanation for this morph ratio, but certainly not the only one. In Oedothorax gibbosus there also occurs an interdemic variation in morph ratio; this means that in one population tuberosus is the most numerous male morph; however, in another population gibbosus is more numerous (MAELFAIT et al., 1990) . There is probably also an interaction with other factors, such as vegetation and sympatric dwarf spider species. More research is thus necessary to predict the morph ratio and explain the interdemic variation.
It is still too early to put forward a quantitative mESS-model for the male dimorphism in Oedothorax gibbosus, but this publication is already a step forward towards completion of the different parameters necessary for a possible mESS-model. More ethologic, genetic and histological research is necessary to nd the other parameters.
